Restoration using rainforest species in Australia and elsewhere has been limited to a small number of widely known species, mainly pioneer or early successional species. Using the presumed successional status as a guideline for species selection in reforestation should be taken with a caveat since a species' capacity to adjust to light gradients is not easily predicted. This study examined the photosynthetic and growth responses of four Australian subtropical rainforest species in the context of using late successional species in restoration programs. Since the selected species [Sloanea australis ((Benth.) F. Muell.), Cinnamomum oliveri (F. M. Bailey), Caldcluvia paniculosa ((F. Muell.) Hoogland) and Geissois benthamiana (F. Muell.)] are considered late-successional species, this study also discussed the possibility of separating these species according to their acclimation level towards light gradients. Seedlings of four species were grown under four light treatments using neutral density shade cloth (5, 33, 64 and 80% irradiance) during summer November 2014 to February 2015. All species demonstrated a narrow range of photosynthetic acclimation to different light levels, experienced photoinhibition and photodamage in 80% irradiance and allocated more biomass to leaves in 5% irradiance, supporting their classification as late successional species. Cinnamomum oliveri was the only species able to utilize higher irradiance, with a higher light saturated rate of photosynthesis than the other species. Canonical analysis of principal coordinates revealed that the degree of plasticity of each species in response to contrasting irradiance levels varied. This analysis separated the species into three light tolerance classes: obligate shade-adapted species (S. australis and G. benthamiana), high light-adapted species (C. paniculosa) and the generalist (C. oliveri). Overall, this study suggests that the four species can be planted and will grow well under 33-64% irradiance since either lower or higher irradiance inhibits growth, and additionally that C. paniculosa and C. oliveri can be possibly planted in early phase of restoration planting with other early-successional species.
Introduction
Australian rainforests, although covering <0.5% of the Australian continent (ABARES 2013) , contain high levels of biodiversity, including about 60% of Australia's vascular plants (Floyd 1990a) . Similar to rainforests in many parts of the world, Australian rainforests have experienced considerable loss due to massive timber extraction and land use changes during European settlement, leaving rainforest areas in small remnants mainly distributed in north eastern Australia (Taffs 2010) .
Recent activities in tropical and subtropical rainforest plantings in Australia are not solely for productive purposes but also for environmental values (Glencross 2007) . However, the overall area planted across north eastern Australia, which reached 52,000 ha, has so far involved about 50 major rainforest species only, given the limited knowledge base in growing rainforest tree species in these areas . Species chosen are commonly fast-growing early successional species such as Araucaria cunninghamii (Aiton ex D. Don), Flindersia spp., Elaeocarpus grandis (F. Muell.), Gmelina leichardtii ((F. Muell.) Benth.) and Grevillea robusta (A.Cunn. ex R.Br.) (Bristow et al. 2005, Glencross and . On the other hand, Australian rainforests offer a wide range of species potentially useful in reforestation planting programs .
Similar rainforest restoration activities in other tropical and subtropical countries are also limited to widely cultivated species, and offer little information on utilizing native late successional species (Kuptz et al. 2010 , Yang et al. 2013 , Gaburro et al. 2014 , Schulten et al. 2014 . To explore the feasibility of planting rainforest tree species in restoration activities, studying the individual characteristics of rainforest species is necessary. Limited or incorrect information about the ecophysiological characteristics of most rainforest species, especially late successional species, often leads to the failure of restoration programs , Kuptz et al. 2010 . Table 1 summarizes the results of ecophysiological studies in rainforest tree species in Australia, including substantial information about the plasticity of their responses to various light levels. Given the large number of rainforest species, knowing their physiological and morphological responses and using them as a screening process prior to trial planting can increase the likely success of trial plantings.
Plantings in rainforest restoration efforts are mostly developed by selecting species based upon their presumed successional status (Kooyman 1996) , or in other words, according to their light requirements. The conventional view considers that pioneer or early successional species are expected to respond strongly to increasing irradiance and demonstrate faster growth rates, whilst late successional species show marked ability to survive under very low light but tend to grow more slowly even in higher light (Salisbury and Ross 1992, Atwell et al. 1999) . Although this successional classification can be a useful tool to indicate shade tolerance, it does not precisely define optimal light requirements (Swaine et al. 1997 , Kelly et al. 2009 , DosAnjos et al. 2014 ). This classification is mostly based on field experience, examining species occurrence under gaps of varying sizes or in forest shade (Whitmore 1990 , Agyeman et al. 1999 . As suggested by other studies (Turnbull 1991, Strauss-Debenedetti and Bazzaz 1996) , the lack of early successional species in the forest understorey might not be solely explained by their inability to maintain positive carbon balance, but is likely caused by other non-photosynthetic traits such as lack of protection against their natural enemies, or seed dispersal or germination limitations. Therefore, the presumed successional status of a species does not always guarantee the tolerance of species under particular levels of irradiance (Kuptz et al. 2010 , Contin et al. 2014 .
Evidence in several Australian rainforest species also indicates that the degree of photosynthetic acclimation and plasticity to light gradients is not clearly associated with their successional status (some examples are provided in Table 1 ). For example, Flindersia brayleyana (Table 1 ) demonstrated a broad range of plasticity to various light levels (Thompson et al. 1988 , Swanborough et al. 1998 . Similar studies on rainforest species in other parts of the world also suggest that some species are not primarily either obligate pioneer or climax species, but possibly occur along a gradient of light preferences (Agyeman et al. 1999 , Rozendaal et al. 2006 , Coste et al. 2010 , Kuptz et al. 2010 . Hence, using the presumed successional status of rainforest tree species to examine their preferred light environments in rainforest restoration programs should be carried out with caution.
Four late successional Australian rainforest species [Sloanea australis ((Benth.) F. Muell.), Cinnamomum oliveri (F. M. Bailey), Caldcluvia paniculosa ((F. Muell.) Hoogland) and Geissois benthamiana (F. Muell.)] were examined here, to investigate their morphological and physiological plasticity towards light gradients and therefore to provide fundamental insights for their management in rainforest restoration planting programs, especially to give better understanding about their light preferences. The objectives were: (i) to investigate the light tolerance characteristics of these four species as indicated by their photosynthetic and growth characteristics when grown under various light levels and (ii) to examine whether these species' responses under varying irradiance levels were related to their successional traits or can be placed along a continuum of light tolerance. Moreover, this study did not examine the effect of different light qualities. Hence, other solar radiation factors which also may influence seedling growth in forest understorey, such as variation in light quality and sun fleck patterns, were not investigated.
Materials and methods

Study species
The four selected species in this study (S. australisElaeocarpaceae, C. oliveri-Lauraceae, C. paniculosaCunoniaceae and G. benthamiana-Cunoniaceae) are native to eastern subtropical rainforests in Australia. Two species represent the most dominant species at canopy level (C. paniculosa and G. benthamiana) and the two less dominant species (C. oliveri and S. australis) in their native habitat in subtropical rainforest in northeastern NSW, as well as having potential for reforestation planting programs (either for commercial timber or habitat purposes). The four species are widespread along the eastern coast of Australia. Caldcluvia paniculosa especially is a common species and is generally considered as an indicator species for rainforest classification in eastern Australia (Baur 1965) . Kooyman (1996) classified the successional status of the four species as mature stage, whilst some literature (Nicholson and Nicholson 2007, Floyd 2008) has argued that sometimes these species can be found in earlier stages of the successional process. Cinnamomum oliveri, for example, was considered as a late secondary species by Floyd (1990a) , whereas C. paniculosa is frequently found as a pioneer species in rainforest margins (Williams et al. 1984 , Smith et al. 2005 , Nicholson and Nicholson 2007 . However, the four species are generally considered as shade-tolerant species due to the abundant occurrence of their seedlings in the forest understorey. Table 1 . Light saturated rate of photosynthesis (A max ) of Australian rainforest species as recorded in previous studies. Successional status of each species is according to general classification by Kooyman (1996) , whilst those with unclear successional status were classified based on their apparent light tolerance characteristics. Growth light levels were measured as percentage of full sunlight (with % symbol) or PPFD (µmol m −2 s Floyd (1990a Floyd ( , 1990b mentioned that the four species were considered as outstanding trees in NSW due to their longevity and ability to grow to considerable size.
Shade house experimental design
In total 100 seedlings (25 seedlings of each species) were grown under artificial light treatments from November 2014 to February 2015 during late autumn to early summer, at Southern Cross University, Lismore, NSW, Australia (28°49′S and 153°17′E). The daily minimum temperature in the shade house ranged from 15 to 21°C whilst the daily maximum ranged from 25 to 45°C. The recorded highest temperature (45°C) only occurred twice during the study, caused by a heatwave event, which caused some damage on leaves. Seedlings were locally purchased from a specialist rainforest species regeneration nursery, which normally sources seeds from the surrounding subtropical rainforest remnant areas in Burringbar, Northern NSW (28°25′S and 153°28′E). All seedlings were then transferred immediately after purchase from small planting tubes (0.3 l) to 1.7 l pots that contained 70% (by volume) general purpose potting mix (Australian standard) to 30% (by volume) gravel and sand combination. The potting mix contained 30-60% of peat, 10-30% of chicken manure, 10-30% of aged bark, 1-10% of mineral fertilizer and <1% of wetting agent. Seedling sizes within species were relatively homogenous, but varied among species. The initial mean heights for S. australis, G. benthamiana, C. oliveri and C paniculosa were 10, 22, 27 and 35 cm, respectively. Each pot was watered every day except on rainy days, and fertilized fortnightly using Aquasol Fast Acting Soluble Fertilizer (23% N, 3.95% P and 14% K, solubilized at rate of 8 g in 5 l of water) at amount of 100 ml per seedlings. In the first 25 days, all seedlings were grown in a shelteredshade house which received ±50% full sunlight (photosynthetic photon flux density (PPFD) 658.5 ± 37 µmol m −2 s −1
) to allow the plants to stabilize after re-potting. At the end of the 25-day period, five seedlings of each species were harvested to obtain initial dried biomass data, while the remaining seedlings were transferred to the four artificial light treatments (80, 64, 33 and 5% of unshaded value, Table 2 ). Using neutral density shade cloth, this study only manipulated light quantity for each treatment whilst the light quality among treatments was left uncontrolled, being from natural sunlight.
Each treatment was placed on a single 1.6 × 1.2 m 2 bench and covered with neutral density shade cloth. Five seedlings of each species were allocated to each treatment; thus each treatment contained a total of 20 seedlings from four different species. To maintain seedling independency and avoid positional effects, each seedling was relocated to a different position within the shade house every day (Bloor 2003) . Pots were widely spaced to minimize shading effects from adjacent plants.
Photosynthesis measurement
Photosynthesis was measured in January and February 2015 under clear to partly cloudy skies, using the LICOR 6400XT portable photosynthesis system (LI-COR Inc., Lincoln, NE, USA) after seedlings were grown for a month in each treatment. Since one of C. paniculosa died in the 5% irradiance treatment, the photosynthesis measurements were conducted on 79 seedlings (20 pots in 80, 64 and 33% irradiance treatments and 19 seedlings in 5% irradiance treatment), and each seedling was measured twice. One recently fully expanded leaf, located second or third from the apex of each seedling, was selected for the measurement. To avoid the mid-day photoinhibition effect (Kenzo et al. 2007 , Mengistu et al. 2011 , photosynthesis measurements were carried out on wellwatered seedlings from 7:00 to 13:00 h. Preliminary observations have indicated that net photosynthesis declined slightly, especially when PPFD outside the shade cloth exceed 2500 µmol m −2 s −1 and the temperature was above 40°C. Therefore, any measurement was avoided in these conditions. Light response curves, as a function of photosynthetic photon flux density (PPFD, µmol m −2 s −1
) and net photosynthesis (A, µmol CO 2 m −2 s −1
) were generated using the automatic light curve program in LICOR-6400XT, measured under artificial red/blue LED light source, which has two peaks of spectral outputs centered at 670 and 465 nm. The LED illuminated the leaf with various light levels starting from 2000, 1800, 1500, 1000, 500, 200, 100, 50, 20 and 0 µmol m −2 s −1
, remaining for 2-3 min at each light level. Prior observations showed that this calibrating time was sufficient to allow a stable photosynthesis rate during the measurement at each irradiance level.
The CO 2 concentration and temperature in the leaf chamber environment were maintained at 370 µmol mol −1 and 27°C, respectively. Although the CO 2 concentration used in this Tree Physiology Online at http://www.treephys.oxfordjournals.org measurement is slightly lower than the current CO 2 concentration in the atmosphere (±400 µmol mol −1 ), it is considered that per unit increase of CO 2 concentration from 370 to 400 has less relative influence in A max (Pinkard et al. 2010) . Moreover, the chosen measurement temperature was favoured to provide a similar temperature to that in these species' original habitat in forest understorey during the summer.
Growth analysis
Several growth parameters were measured based on the initial and final dried biomass, height, diameter and leaf area measurements (Table 3) . Relative growth rate (RGR), leaf mass ratio (LMR), stem mass ratio (SMR) and root mass ratio (RMR) were calculated based on initial dry weight (W 1 , calculated from five seedlings of each species) and final dry weight (W 2 , obtained by harvesting all seedlings at the conclusion of this study). During biomass measurement, leaves, stem and petioles, and roots were detached, then oven-dried at 70°C for 48 h. Leaf area (cm 2 ) of the fresh detached leaves was measured using a LICOR Li-300 leaf area meter to calculate specific leaf area (SLA) and leaf area ratio (LAR). Height and diameter increments were determined based on the stem height and stem diameter measurements prior to a transferral to the shade treatments and at the end of the experiment.
Statistical analysis
A non-linear regression (Mistherlich equation) was used to develop light response curves for each seedling using SPSS 20 statistical software, each generated from two sets of photosynthesis measurements:
A A e ), was also determined as the y-intercept of the curve. Split plot design analysis followed by Duncan's multiple range tests were employed using SAS 9.3 statistical software to evaluate the mean difference of photosynthesis and growth parameters among treatments for each species.
Permutational MANOVA (Permanova) analysis using PRIMER 6 software, with species and treatments as independent factors and photosynthesis and growth parameters (13 variables) as dependent factors, was conducted to see whether there were significant differences in multivariate parameters among species, among treatments and among species treatments. Following this analysis, Canonical Analysis of Principal Coordinates (CAP) was undertaken to analyse multivariate data from each species in terms of their light responses and examine which variables are best for distinguishing each species. CAP was chosen in this analysis as the preliminary analyses using other unconstrained ordinations were not able to distinguish the species assemblages, although Permanova revealed significant differences among species. According to Anderson and Willis (2003) , CAP is a useful tool to separate groups through multivariate variables and display the differences among groups that cannot be seen clearly in unconstrained ordination like principal component analysis or non-metric multidimensional scaling. The data set was normalized prior to the Permanova analysis and the dissimilarity matrix was created using Euclidean distance method as the input for the CAP calculation.
Results
Photosynthetic responses to varied irradiance levels
Photosynthetic responses among light regimes were compared for each species in Table 4 . Light saturated rates of photosynthesis (A max ) were not significantly different among light treatments (P < 0.05) for three species (G. benthamiana, C. oliveri and S. australis), ranging from 2.5 to 4.8 µmol CO 2 m −2 s −1
. An exception occurred for C. paniculosa, which had higher A max in 64% irradiance (4.0 ± 0.4 µmol CO 2 m −2 s −1
), but then significantly decreased in 80% irradiance (2.0 ± 0.3 µmol CO 2 m −2 s
−1
). The light response curves (Figure 1 ) supported these findings, showing that there was no significant change for photosynthetic rate with altering irradiance, except for C. paniculosa, which showed a higher photosynthesis rate in 64% irradiance. Furthermore, it can be seen from this figure that both S. australis and G. benthamiana showed similar curves in all light levels, indicating similar photosynthetic rates in all treatments. Cinnamomum oliveri and C. paniculosa also tended to have lower photosynthetic rates when grown in 80% irradiance. Apparent quantum efficiency (A qe ) tended to increase for all species with decreasing irradiance (Table 4), indicating that photosynthesis was more efficient in lower irradiance. Caldcluvia paniculosa on the other hand, had significantly lower A qe in 64% irradiance (0.007 µmol CO 2 m ), as opposed to having its highest A max in the same treatment. However, this species reached its highest light saturation point (LSP) at PPFD 1321 µmol m −2 s −1 in this treatment, which likely explained its significantly higher A max . The LCP and rate of dark respiration (R d ) were not significantly different for C. paniculosa among treatments. Non-significant differences in LCP and R d were also found for C. oliveri. Yet this species demonstrated significantly higher (P < 0.05) LSP with given higher irradiance levels. The LSP of G. benthamiana was also considerably higher (P < 0.05) when grown in light levels more than 33% full sunlight. Sloanea australis on the other hand, had an LSP that was not affected by changing irradiance levels, but it had significantly lower R d and LCP (P < 0.05) in 5% irradiance compared with other treatments.
Comparing these four species in all treatments, C. oliveri consistently demonstrated a higher photosynthetic capacity compared with other species, as shown by its higher A max , higher LSP, lower R d and lower LCP in all treatments.
Growth responses
Relative growth rate demonstrated similar patterns for all species after being grown for 73 days in the four light treatments, showing the lowest growth rate in 5% irradiance (Figure 2 ). This similar trend was more apparent in diameter increment, showing significantly lower increment (P < 0.05) in 5% irradiance compared with other treatments for all species. Nevertheless, it seemed that various irradiance levels did not affect the height growth for S. australis, C. paniculosa and G. benthamiana as these three species did not show significant differences (P < 0.05) in height increment in all treatments. Cinnamomum oliveri, in contrast, showed a significant increase in height increment (P < 0.05) in 33% irradiance, which was the highest height increment of all species.
All species tended to allocate more biomass to leaves as irradiance decreased (Table 5) . However, only C. oliveri showed significant addition of biomass to leaves in 5% irradiance (P < 0.05), whilst S. australis and G. benthamiana had significantly lower LMR (P < 0.05) in 80% irradiance treatment. Increases in LAR and SLA were also detected in all species in 5% irradiance. Especially for S. australis, significant increases in LAR and SLA (P < 0.05) occurred not only in 5% irradiance, but also in 33% irradiance. Tree Physiology Online at http://www.treephys.oxfordjournals.org
The allocation of biomass to stem (SMR) did not differ among treatments for C. paniculosa. Seedlings of Cinnamomum oliveri, although previously reported to have higher height increment in 33% irradiance compared with other light treatments, its biomass allocation to stem did not differ significantly in 33, 64 and 80% irradiance, but was significantly lower in 5% irradiance (P < 0.05). Furthermore, all species allocated similar relative amounts of biomass to roots (RMR) under all treatments. An exception was found in the case of G. benthamiana, which significantly allocated more biomass to root in 80% irradiance compared with 5% irradiance.
Species tolerance gradient
Considering that there were combinations of variables measured in this study, multivariate analysis was utilized to get better characterization of each species' responses to light gradients. Permanova revealed that there were significant differences in growth and photosynthetic parameters among treatments (P ≤ 0.0001) among species (P ≤ 0.0001), and in the interaction between treatment and species (P ≤ 0.001). These significant differences then assumed that further ordination analysis using CAP was appropriate to examine which parameters were well correlated with each species assemblages. In total, 13 variables from photosynthetic and growth parameters (Tables 4 and 5, Figure 2 ) were used in this analysis.
CAP (Figure 3 ) was generated from all samples (n = 79) in all light treatments to examine the possibility of separating each species by their light response gradients, displayed in multivariate space. This analysis indicated that the four species were distinguishable from one another, supported by pair-wise Permanova analysis (P ≤ 0.0001), with considerable visual overlap between G. benthamiana and S. australis although there were significant differences between these two species (P ≤ 0.001). Both canonical axes also indicated strong association between the multivariate parameters and species separation, indicated by the high canonical correlation of the first and the second axis (0.89 and 0.79, respectively).
From 13 total variables used in this analysis, only six variables (five growth variables and one photosynthetic variable) had reasonably moderate to strong correlation with the first (r 1 ) or second (r 2 ) CAP axes. SMR (r 1 = 0.9, r 2 = −0.3) became the main variable that distinguished the four species assemblages, especially in separating C. oliveri from others (P ≤ 0.0001). Two other variables, A max (r 1 = 0.6, r 2 = −0.3) and height increment (r 1 = 0.4, r 2 = −0.6), also contributed to distinguishing C. oliveri from the rest of the species, although with moderate correlation values. The C. paniculosa assemblage was also significantly separated from the other species assemblages (P ≤ 0.0001), and moderately associated with a higher RMR (r 1 = −0.1, r 2 = 0.6). RGR (r 1 = −0.6, r 2 = −0.3) and LMR (r 1 = −0.7, r 2 = −0.6) appeared to play important roles in separating G. benthamiana and S. australis from the rest of the species, with S. australis having a tendency to have higher RMR than G. benthamiana.
Discussion
Photosynthetic and growth plasticity
The four species in this study generally demonstrated a narrow range of photosynthetic capacity adjustments to increased irradiance levels. Their photosynthetic rates also showed patterns consistent with other shade-tolerant species in Table 1 . This corresponds to their presumed successional status as mature or late successional species, which typically demonstrate restricted photosynthetic capacity (Turnbull 1991, Montgomery and Chazdon 2002) . The absence of significant change in A max with increasing irradiance is also supported by previous studies (Thompson et al. 1992 , Dusenge et al. 2015 , which found that shade-tolerant species commonly fail to exhibit different A max in a given higher irradiance.
Furthermore, photosynthetic capacity tended to rise as irradiance increased up to 64%, but this was followed by a decline when irradiance reached 80%. Reduction in A max and A qe per leaf area basis in all species in the higher compared with the Figure 2 . Relative growth rate (RGR, g g −1 day −1 , measured over 73 days of growth), height increment (mm day −1 , measured over 73 days of growth) and diameter increment (mm day −1 , measured over 70 days of growth) for each species (SA: Sloanea australis, CO: Cinnamomum oliveri, CP: Caldcluvia paniculosa and GB: Geissois benthamiana) grown in different light treatments. The columns show mean value and error bars represent ± standard error. Different letters indicate significant differences (P < 0.05) among treatments for each species following Duncan's multiple range tests.
Tree Physiology Online at http://www.treephys.oxfordjournals.org lower irradiances supported this finding, giving evidence of photoinhibition. Additionally, tissue death in the photosynthetic apparatus was found in all species, supporting the possibility that all species experienced not only photoinhibition, but also photodamage under 80% irradiance, especially when the temperature inside the shadehouse was above 40°C. This damage to leaf tissue was commonly found when shade-tolerant species were grown under high-level irradiance, as found in previous studies (Roden et al. 1997 , Adams et al. 2004 , DosAnjos et al. 2014 , which concluded that excess irradiance will not only decrease quantum yield and A max , but also cause foliar damage in the form of chlorophyll bleaching, membrane damage and tissue death. In contrast, photodamage is normally absent in pioneer or early secondary species (Vieira et al. 2015) .
According to our observation, foliar damage on C. paniculosa was less severe compared with other species. The high LSP in 64% irradiance then significantly dropped in 80% irradiance, possibly appearing as a photo protection strategy which in turn caused a reduction in A max . It is suspected that hairy leaf morphology may reduce the impact of photodamage in this species, as it has been suggested by other studies (Atwell et al. 1999 , Morales et al. 2002 , Oliveira and Peñuelas 2002 ) that developing wax or hair on leaf surfaces can be one of a plant's strategies to reflect excess irradiance without it passing through chlorophyll. In addition, the reddish leaves of this species are suspected to contain carotenoid pigments, which are also an Figure 3 . Canonical Analysis of Principal Coordinates (CAP) generated from all samples (n = 79) and 13 variables. The overlaid vectors were restricted to growth and photosynthetic variables having Pearson correlations of >0.6 with the CAP axis. Canonical correlation of the first axis (d1) and the second axis (d2) indicate the degree of association between multivariate data space and species separation. RMR, root mass ratio; SMR, stem mass ratio; LMR, leaf mass ratio; RGR, relative growth rate; A max , light saturated rate of photosynthesis. Table 5 . Growth parameters: leaf mass ratio (LMR, g g −1 ), stem mass ratio (RMR, g g −1 ), root mass ratio (RMR, g g −1 ), specific leaf area (SLA, cm 2 g −1 ) and leaf area ratio (LAR, cm 2 g −1 ) for each species, grown under 80, 64, 33 and 5% full irradiance. Values (mean ± standard error) followed by different letters (a, b and c) indicate significant difference (P < 0.05) among treatments for each species, following Duncan's multiple range tests.
Tree Physiology Volume 37, 2017 efficient photo protectant (Gould et al. 2002 , Adams et al. 2004 , Contin et al. 2014 ). However, further study is required to confirm that these features are correlated with the ability of C. paniculosa to achieve higher photosynthetic efficiency and less severe photodamage in high irradiance. The fact that the light response curves of G. benthamiana and S. australis did not demonstrate higher photosynthetic rates under increased irradiance appears to be a trade-off of shadetolerant species in maintaining positive carbon balance in the deep shade of the understorey. The ability to maintain very low respiratory losses under very low light also restricts their maximum photosynthesis capacity (Chazdon et al. 1996 , Press et al. 1996 . Compared with the other species, C. oliveri demonstrated higher photosynthetic capacity in all treatments, from the lowest to the highest irradiance. Even though it experienced lower apparent quantum yield in increased irradiance, this species demonstrated marked ability to increase its LSP, light saturation point which possibly became the main reason why this species was able to utilize the increased irradiance.
The less apparent responses in photosynthetic capacity were not necessarily representative of the growth responses. We found that all species demonstrated distinct growth responses in 5% irradiance, having significantly low RGR and diameter increment but higher LMR, SLA and LAR. The lack of diameter growth in the 5% treatment in all species suggested that they all have a strategy to prioritize leaf development under the deep shade environment to improve their light-harvesting ability (Yang et al. 2013 , Amissah et al. 2015 .
It is a typical characteristic of shade-tolerant species that they develop higher specific leaf area and LARs under deep shade, allocating more biomass investment to light-harvesting organs in order to utilize effectively the limited amount of light (Coste et al. 2010 , Orchard et al. 2010 . The four species did not respond to any of the higher irradiance levels, but then adjusted their morphological adaptation strategy when grown in very low irradiance.
Species tolerance across light gradients
The canonical analyses indicated that species separations in all treatments were mostly characterized by strong to moderate correlation with several morphological features (RGR, LMR, SMR, RMR and height increment) but with only one photosynthetic parameters (A max ). The broad responses of morphological adjustments, especially to the low irradiance, suggested that the four species were more inclined to adjust their anatomical properties than their photosynthetic capacity as an acclimation strategy to various light gradients (as shown in Figure 3 ). This corroborates the idea of Chazdon et al. (1996) that shadetolerant species generally use morphological changes rather than altering photosynthetic capacity as a response to altered irradiances, whereas light-demanding species can show both morphological and physiological changes.
Furthermore, the canonical analysis also suggested that these four species, although commonly classified as having similar successional status, can be segregated along a continuum of light tolerance. Sloanea australis and G. benthaminana were classified in the same assemblage, characterized by their low capability to respond to increased irradiances and being highly acclimated to low irradiance. These two species are generally distinguished from the other two based on their relatively larger allocation of biomass to leaves than to other organs, higher SLA and LAR in 5% irradiance than other irradiance levels, and also failure to demonstrate increased photosynthetic capacity in higher irradiance. In addition, S. australis is likely more able to adapt to much lower irradiance than G. benthamiana, indicated by its notable ability to maintain high A qe and develop higher SLA and LAR at any given lower irradiance compared with G. benthamiana.
The second species clumping is composed of C. paniculosa, having higher RMR and lower LMR than other species, and notable ability to maintain stable A qe in high levels of irradiance. These characteristics correspond to the previous explanation that this species is likely more resistant to high irradiance than the other species, in contrast to the findings of Nicholson and Nicholson (2007) , who stated that this species is less tolerant of full sun in its early stage than its later ontogenetic stage. This finding seems to be consistent with previous studies (Williams et al. 1984 , Smith et al. 2005 , which indicated that this species is commonly found as a pioneer in rainforest margins despite its common classification as a mature forest species (Kooyman 1996) .
In addition, the emergence of higher RMR and lower LMR and SLA in differentiating C. paniculosa from the rest of the species suggests that developing more biomass on roots but less on leaves may explain how this species adapts to high irradiance. Developing higher RMR in high irradiance may help plants to meet their water and nutrient demands, while establishing lower SLA, LAR and LMR may reduce the amount of a plants' surface being exposed to damaging light effects (Gaburro et al. 2014) . These strategies are normally found in pioneer species to deal with high level of irradiance (Gaburro et al. 2014) .
The third species assemblages is comprised of C. oliveri, which appeared as the most plastic species in response to light regimes compared with the other species. In the canonical analysis, this species was correlated with higher A max and height increment, which imitated the strategy of pioneer species in developing more rapid height growth in low light levels than non-pioneer species (Claussen 1996 , Swaine et al. 1997 .
Recommendations for planting
Despite the fact that each species has different tolerance levels to light gradients, the four species showed similar preferences of light level to support their optimal growth. Both photosynthetic capacity and growth were optimum when all species were grown under 33% (433 ± 51 µmol m −2 s −1 ) to 64% (803 ± 123
Tree Physiology Online at http://www.treephys.oxfordjournals.org µmol m −2 s −1 ) irradiance, indicating that light intensity between these levels is sufficient to support optimum growth of these species in rainforest restoration programs. Lower irradiance levels (5%) likely inhibit their growth as species suffer from negative carbon balance, whilst in higher irradiance (80%), all species experienced damage in their photosynthetic apparatus due to photodamage. Previous studies (Table 1) in some Australian rainforest species have also suggested similar preferred light levels to support optimum growth rate, ranging from 15 to 60% full sunlight. By knowing these species' light level preferences, we might avoid the failures that frequently occur when full sunlight-averse species are planted in the open. In addition, considering their higher ability to adjust to higher irradiance, C. oliveri and C. paniculosa might be planted in earlier phases of a planting program compared with G. benthamiana and S. australis. Cinnamomum oliveri and C. paniculosa might be planted with other early successional species when substantial canopy shade is partially developed, whilst planting the other two species in the early planting phase should be avoided due to their low acclimation ability in higher irradiance.
Since this study was conducted in a controlled environment that only counted the effect of light quantity produced from uniform irradiance, other factors related to light quantity, light regimes or other environmental factors instead of light should be taken into account when using these species in rainforest restoration programs. As stated by Leakey et al. (2005) , seedlings growth in forest understorey experience greater sensitivity to dynamic irradiance than uniform irradiance. Besides, this study only addressed the growth and photosynthetic characteristics of these species in the early phase of development. Their plasticity in various light levels in further ontogenetic phases remains unknown.
Conclusions
Measurements of photosynthetic capacity and growth verified that the four species demonstrated a narrow range of photosynthetic plasticity to different light gradients, consistent with defining their successional status as late successional. The significantly greater allocation of biomass to leaves in 5% irradiance and evidence of photoinhibition at 80% irradiance also indicated the range of light levels that is adequate for optimal growth to occur. Moreover, all species tended to acclimate with different irradiance by adjusting their morphological features rather than their photosynthetic capacity.
However, although having the same successional status, the tolerance level of the four species towards light gradients can be distinguished into three specific categories of light tolerance: shade-adapted species (S. australis and G. benthamiana), which were highly acclimated to low irradiance, a high light-adapted species (C. paniculosa), which has greater tolerance to high irradiance levels, and the generalist (C. oliveri), which was likely more plastic in any given irradiance level. This suggests that species in the same successional guild might be able to demonstrate different levels of plasticity in response to light gradients.
Overall, this study suggests that the four species can be planted and grown well under 33-64% irradiance, since lower or higher irradiance likely inhibits their growth rates. However, using S. australis and G. benthamiana in the early planting phase should be avoided, since any given higher irradiance beyond their light saturation point will not increase but likely inhibit their growth through solarization effects.
Despite several qualifications mentioned above, studies of this type can provide useful information on matching species to the light environment where they will thrive. Given the large number of rainforest tree species, it will be very laborious task to test them one by one through trial planting. Hence, screening process given by this study and also other studies in Table 1 can be useful in giving fundamental information about species' light preferences.
